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THE  EFFECT  0?  'I'VE  STEEL  CASE  ON  THE  AIR  BLAST 
FROM  HIGH  EXPLOSIVES 

Prepared  by: 

E.  M.  Fisher 

Approved  by:  C.  J.  Aronson 

Deputy  Chief, 


Explosion  Effects  Division 


ABSTRACT:  The  formula  developed  by  0.  Fano  of  the  Ballistic 

Research  Laboratories  ha?  been  revised  by  new  theoretical 
and  experimental  considerations  so  as  t**  give  more  reason- 
able predictions  of  the  air  blast  from  steel  cased  charges. 

By  the  use  of  the  same  experimental  data  which  was  avail- 
able to  Fano  plus  new  data  on  bare  charges,  it  has  been  found 
that  the  ratios  of  the  effective  bare  charge  weights  of  the 
cased  charges  to  the  actual  charge  weights  as  calculated  by 
the  original  Fano  formula  were  about  two-thirds  as  large  as 
the  proper  experimental  values. 

Of  the  three  revised  formulae  developed  for  finding  bare 
charge  equivalent  v/alght,  M*#  the  expression  which  fits  ex- 
perimental data  beat  la 

w .1  +g(l..-  *») 

W t n 

1 + * 
w 

where  y—  la  the  ratio  of  the  bare  charge  equivalent  weight 
to  the  actual  charge  weight  and  £!■  la  the  case  to  charge 
weight  ratio;  M»  is  equal  to  ^ for  all  weapons  with  a metal 
weight  to  charge  weight  ratio  less  than  one.  por  all  values 
jp  greater  than  one  use  M’  equal  to  one. 

All  the  expressions  developed  correlate  with  positive  im- 
pulse. To  obtain  results  that  correlate  with  peak  pressure 
the  right  aide  of  the  above  formula  la  multiplied  by  1,19. 
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Up  until  recently  a formula  derived  shortly  after  the  war 
by  U.  Fano  of  the  Ballistic  Research  Laboratories  to  pw- 
the  effect  of  the  bomb  caae  on  air  blast  has  betn 
accepted,  experiments  conducted  at  the  Ealllstlc  Research 
Laboratories  and  this  Laboratory  have,  Ee+v,- 

year,  raided  the  question  as  to  ths  applicability  or  the 
?ano  formula  as  a means  of  predicting  bia*t  effects  for 
cased  charsea  frota  data  measured  on  bare  charges,  ^inc* 
most  explosives  comparison  work  has  been  done  on  bare 
charges,  the  Implications  of  the  failure  o.  tills  formula 
are  extremely  Important. 

‘ The  work  described  In  this  report,  although  not  completed, 
preuc-nts  revised  equations  based  on  both  experimental  ana 
theoretical  considerations  which  enable  a more  reasonable 
prediction  of  air  blast  parameters  from  steel  cased  weapons. 
This  work  wao  performed  ur.dor  NCL  task  Re£c -2-1 . 

The  author  wishes  to  acknowledge  the  work  of  Martha  J. 
Eengcton  and  Roy  W,  Huff  for  thalr  help  m analysis  and 
computations . 


EDWARD  L,  WOODY ARD 
Captain,  U3N 
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THE  EFFECT  0?  THE  3TS2L  CASS  OH  THE  AIR  BLAST 
FROM  HIGH  EXPLOSIVES 


I .  INTRODUCTION 

1.  .All  weapojyj  when  finally  mod  have  core  kind  of  a cover 
or  casa,  if  for  no  otJvsr  reason  than  to  rt&a  shipping  and 
handling  of  tha  explosive  chr.rE-3  safer  and  er.slar.  Heavier 
oases  are  used  when  greater  fragmentation  dwor^a  la  desired. 
Still  heavier  casco  are  used  when  lfc  la  Mcojur.ry  that  the 
rcaaon  penetrate  the  turi'jt  without  wrecking  up.  In  oil 
these  voropons  no  r.itter  Row  houvy  and  atreng  the  case  Is 
"vide,  the  o:.plo3ion  of  aha  vaapen  produces  nlr  blast.  Tho 
anount  of  this  air  blast  should  fcs  kr-onn  for  tho  ciriauastunt 
of  tha  value  of  tha  weapon  la  a caparison  with  cthore  of  dif- 
ferent deuign  end  in  tha  aasvuoa-int  of  a weapon's  value 
aguinat  a spacifio  target. 

2,  It  la  tho  purpoca  of  this  report  to  revise  the  fomula 
developed  by  Fauo  In  refereneo  (a)  on  tho  bad*  of  r a*  ex- 
porihjntdl  data  and  on  tha  bason  of  a new  traafcr.pnt  of  old 
World  VJor  II  data  end  a o&a  new  theoretical  idoua  on  tho 
partition  of  the  energy  of  detonation  between  air  blast  and 
fragmentation. 


II.  DERIVATION  OF  FANO  FORMULA  AND  COMPARISON  OF 
RESULTS  WITH  EXPERIMENT 

3.  The  Fano  f omul  a has  been  developed  b7  the  extension  of 
the  work  of  Gurney,  reference  (b),  who  considered  the  kinetic 
energy  at  the  tiro  of  rupture  ns  being  Ende  up  of  the  Idtnotle 
cnersy  of  the  exploeion  produofc  gaces  and  the  kinetio  energy 
of  the  case.  If  one  considers  a unit  length  of  caesd  cylin- 
drical charge  the  kinetic  energy  relation  at  tne  tine  of 
rupture  can  be  written  down  as  follows i 


1 2 

EC  - 2 MV*  +• 


\ (7 
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where  E la  the  total  kinetic  energy  per  unit  weight 

C is  the  weight  of  charge  or  weight  of  gases  prior 
to  rupture  of  case 

M is  the  weight  of  metal  ense  per  mjj.t  longtn  or 
cylindrical  c?.3f?d  ch?.rr,o 

V is  the  velocity  of  fragments  at  time  of  rupture. 

tt  la  asaueed  that  the  distribution  of  the  velocities  of  the 
cps  molecules  at  thi  tir.o  of  rupturo  ia  not  uniform,  being 
zero  la  the  outer  and  V at  the  ^etul  - gas  interface.  The 


aero  in  tne  outer  ana  v - a— • - . 

1 in  front  of  the  r\  ov2j  is  used  to  t«ks  this  assumption 

Into  cccour.t.  Solving  equation  (1)  for  E'and  nubetituting 
fru^-ont  velocity  data  for  V,  Gurney  found  tha.  E was  about 
8ojj°of  the  total  detonation  energy.  By  taking  the  ratio  of 
the  kinetic  energy  of  the  frc/p-Ujntc/l^  j^2j  to  the  total  kinetS 

energy,  equation  (I),  ?ano  obtained  tne  fraction  of  tha  total 
kinetic  energy  going  into  the  fra&senta  to  b« 


- V 

1 + TT? 


The  fraction  of  the  kinetic  energy  belonging  to  the  ganea 
after  the  case  haa  burst  lo  thua 


This  was  multi,'* led,  by  0.8  to  account  for  che  fraction  of 
the  total  detonation  energy  belonging  to  the  Gaeeo  and  case 
ae  klnatlo  energy  at  the  time  of  rupture  of  the  case.  The 
20 <(,  of  the  total  energy  remaining  in  'chr  gases  aa  potential 
energy  plus  ths  amount  of  kir.etJ  i ener\y  rosining  in  the 
geses  at  the  time  of  rupturo  ia  probabry  mootly  spent  in  '•he 
formation  of  the  blast.  - 

*.  The  equivalent  bare  charge  weight,  V,  relative  to  the 
amount  of  explosive,  W,  in  tha  cased  charge  w as  given  aa 

V . 0.8  (M 

sr  " °-2  *■  i - v * 

C 

The  above  equation  herein  referred  to  as  Pano's  formula  waa 
checked  roughly  in  reference  (a)  by  showing  that  when  the 
distances  from  all  types  of  bombs  are  reduced  by  the  cube 
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root  of  w',  their  equivalent  bar?  charge  weight,  the  data 
foil  appro rL-otoly  on  a olrrsl*  curva  for  peak  pressure. 

The  301':-?  w.-.p  found  to  be  true  for  positive  impulse  data 
when  the  roaitJ.vo  l.vpulno  value  as  veil  as  tha  distance 
w-3  r-fluo'  d toy  the  out?  root  of  VP  In  accordance  with  the 
oenlirv;  !•*,., -a . This  uho'.,-.d  that  ths  Fono  formula  predicted 
xho  roiatlva  offset  of  ono  caco  with  respect  to  another 
but  failed  to  shew  how  VP  cc-.-.parc-d  with  actual  bare  charge 
data.  The  effective  boro  charts  weights  predicted  by  thia 
formula  were  low  by  no  much  as  4o  par  cent  from  the  sub- 
sequently experimentally  determined  values. 

5.  p.-ea  tha  data  taken  from  tho  appendix  In  reference  (a) 
the  effective  b..r<a  che.rse  replacement  value,  W',  Table*  I 
and  II,  wan  determined  by  nithods  deacrlbsd  In  detail  In 
rofe mien  (c).  Briefly  theeo  involved  tha  sealing  up  of 
the  theoretical  free  air  bare  charge  data  for  cast  TNT  given 
by  Kirkwood  and  Brinkley  in  reference  (d)  as  corrected  for 
ground  rcflactlon  by  experimental  data  obtained  in  the  far 
K^ch  region  reference  (e).  From  a otudr  of  the  ERL  cased 
oharge  n.rperlr-'nta  the  reflection  coefficient  was  determined 
to  be  1 .6  ('^c  far 'nee  (e)).  Reflection  coefficient  Is  defined 
ca  the  ratio  of  the  weight  of  a charge  In  fret?  air  to  the 
weight  of  a chr.rgs  fired  near  a radicating  surface  that  will 
give  the  cow  air  blast  affect  (peak  preoaors  or  positive 
inpulna)  at  a given  distance. 

6,  Frets  those  results  the  discrepancy  between  the  Fer.o 
formula  and  the  experlrantal  work  applying  the  scaling  laws 
can'  bo  aeon  In  the  following  table: 


w „ „ o.a  v 

" 0.2  + f,  Mian  y— 

* + C Experimental 
(Fano  Formula)  Work  and  Scal- 


Ll&nt 

Cased 

Bombs 

Csnsral 

Purpose 

Bowbs 

Armor 

Piercing 

Bomb  a 


The  Fano  equation  (4)  It  plotted  In  Flg.l. 


1.09 

Peak  Pressure 

0 . 04 

Positive  Impulee 

0.91 

peak  Pressure 

o.8o 

positive  Impulse 

0.53 

Peek  Pressure 

positive  Impulee 
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7 In  th-  Rsval  Ordnance  bornlory^  lCO-pour.d  0"  |™b 
«pert-«ni.  wf«r-nc*  (e).  U calculi  to  b*  0.31 

for  positive  Impulse  end  1£3 gj* nfSi'rov 
cloae  to  result.-,  of  noo  oloo  T?bl«s 

S^iVT^^hla uteel  cnee  effect 
for  Hax-i  la  not  far  different  from  TJiT  loaded  weapon.. 

III.  DERIVATION  OP  KEW  50RWrLA3  Af|p  COMPARj-SOM 
OP  RESULTS  WITH  EXPe.Hliu.liT 

8.  An  .quatlon  »a.  for  ir-  «■»”“*  S.’i-Mi*- 

tgrAMAnt  «ltn  cwyldjnt  t>y  ‘W  Jj3£* 

\h  w«i2  Vri4i\?- 

aria  i.rsu^iSrt"^  A* 

*t  tha  tlma  of  rupture  beefema 

EC  - J MV2  + \ CV2  <5) 

which  yielded  a bare  charge  equivalent  to  actual  charge 
weight  ratio  of 

. o.a  + -2^  . ‘ <6> 

T 1 

~h„  equation  improves  the  aS«e^nt  with  experiment  an  shown 
In  tha  table  below 


I i 


ngHT 

Cased 

Bomba 

Cfcneral 

purpose 

Bomba 

Seal 

Armor 

Piercing 

Beebe 


0,2  +■  - 


1 + cr 


Keen. 

Experimental  work 


v 

(pane  Formula  mod’  and  scaling 
lx  led  for  gas  mol-  laws 
ecula  velocities) 


0.50 


P~ak  Preeoure 
positive  impulae 
Peek  proaeura 
positive  Irapulao 

peak  f tenure 
Positive  nspulna 


COWPJOEWIIAL 
itECnUTI  INFORMATION 


CONFIDENTIAL 
NAVORD  Report  2733 


liqui  tion  (6)  ia  plotted  ot»  Fig.  1. 

9«  It  hun  been  po'.-iible  to  recalculate,  S,  in  equation  (5) 
by  rvi'cJ-'.-  ivo  of  thi  following  me,  at  frnrjmntatlon  dj.ta  In  - 
for...  illy  on.'  >1  lod  by  a.  D.  Solv-M  of  tn;  C*.*torqtion  Division, 
Eiploaivea  Ros-j;  rch  D-.pcrtc. jr.t  of  this  Laboratory: 


P.‘sr.:.'5nt  Velocity,  V «•  2673  ft/aso, 

Clm.-Qo  to  Ci  €io  L'eirjit  Ratio,  ^ « O.358. 

Total  Detonation  Ha.-r^y  (Caat  VKT)  - 1050  "el/srt.- 

Tho  calculation  -uvo  a value  for  E,  total  klr.ctio  rtv:~,y  of 
tho  fv:i;j-;nt-j  and  explosion  products  at  the  tic, 2 of  runturo, 
of  Jjc9  caloric u par  crr.ra,  or  53  per  cant  of  the  total  dat^n- 
a'.iorj  aii.-rpy.  If  tills  factor  of  53  per  cont  la  uaad  in  ocun- 
tioa  (6)  Ac  beotr.jaj 


^,’ho  !*  * 

BtiOii  ii 


V*  _ * ^ . 0.53 
W"  7 + T~TT 
1 + C 

-Vvr-.pnt  of  equation  (7) 
*.*>*,,  > 9 


with  experimental 


(7) 


ruaulte  la 


'£.  - 0.47  4 °'53( 
1 ♦ cr 

(Equation  (7)) 

w • 

Mean  jp 

Experimental  Work 
anil  Scaling  Laws 

L- 

ad 

P.c.:bq 

0.90 

1.09  Peak  presonr? 

0.9*1  Positive  Iir.o  il:is 

G-i.araT 

Purpose 

Bomba 

0.81 

0.91  ?ia!<  rronrum 

0.80  Positive  Tr-iul  id 

oemi 

Amor 

Piercing 

Bombs 

0.67 

0.53  Peak  Pressure 

0.^5  Positive  Impulse 

Equation  (7)  in  plotted  In  pig.  1. 


10.  An  er.pirieal  for*>ula  that  fits  axpe^lwental  lapula*  data 
oloaely  is  a*  follows 


V 

vr 


1 + g (1  - M') 
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«'  la  equal  to  12  for  ell  weapons  with  a metal  weight -to 
C M 

charge  weight  ratio  leas  than  ore,  For  all  vaiueo  of  ^ 

grsstar  than  one  use  H*  equal  to  one.  For  example,  M1 
la  "equal  to  0.23  for  liijht  cnaed  weapons  and  one  for  semi 
arroi*  plerclns  weapons.  .Multiply  equation  (8)  by  1.19  4o 

obtain  ~~  for  peak  pr-233urc.  Tills  In  eeaencc  Implies  that 

the  percentage  of  detonation  energy  converted  Into  kinetic 
energy  Is  directly  proportional  to  the  percentage  of  metal 
Nftirht  up  to  a cace  having  an  £ ratio  or  one  or  greater. 

The  table  below  shows  the  agrr-envent  of  equation  (8)  with 
the  values  obtained  from  experiment  and  the  scaling  lawn. 


^ i + cr  (i  - «*) 
* 

(Equation  (3)) 

w • 

Mean  y- 

Esperlmer.tsl 
and  Scaling 

Work 

Laws 

UgHE 

1 .14 

1 .09 

Peak  Pressure 

cosed 

Borrba 

0,95 

0.94 

positive  I.-.nula 

(ici.urrtT 

rurpoae 

Bc-'iia 

0.95 

0.91 

Pock  Frev3".re 

O.cO 

o.eo 

positive  Is-ipulo 

bo'.ii 

Armor 

0.46 

0.53 

Peak  Preaeure 

piercing 

Serbs 

0.38 

0.45 

Positive  ImpulB 

Equation  (3)  is  plotted  on  Fig.  1 ohowlng  the  difference  be- 
tween it  and  the  Feno  cguation. 


11.  plguros  2,  3,  A,  and  5 ere  plots  of  peak  pressure  vs 
reduced  radial  distance  In  vhlch  the  bomb  dots  tabulated  In 
Table  I Is  compared  with  bore  charge  data.  The  source  of 
this  bare  charge  data  Is  mentioned  earlier  In  thlo  report. 

The  bomb  data  has  been  scoled  by  using  the  cubo  root  of  the 
effective  bare  charge  weight  ss  calculated  from  the  four 
equations  discussed  In  this  report.  As  can  be  seen  from  the 
graphs  the  bomb  peak  preoe.tre  data  scales  poorly  for  all 
equations  except  equation  (8)  as  modified  by  the  factor  1.19 
for  peek  pressure.  Figures  6,  7»  3.  and  9 are  plots  of  re- 
duced positive  Impulse  ve  reduced  rodlal  distance  In  which 
the  bomb  data  tabulated  In  Table  II  are  compared  with  experi- 
mental bare  charge  data.  The  bomb  data  has  been  scaled  by  use 
of  the  cube  root  of  the  effective  bare  charge  weight  as  cal- 
culated by  the  four  equations  discussed  in  this  report.  The 
bomb  positive  impulse  data  scales  well  for  all  quatlona  ex- 
cept the  Fano  equation.  Fig.  6 as  oan  be  seen  from  the  graphs. 
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rr . conclusions 

12.  it  la  concluded  thst  the  formulae  developed  from  kinetic 
energy  cor.:,  id. ’rat  ions  at  the  tine  of  rupture  correlate  test 
with  uocltlva  impulse  dote.  Therefore  to  predict  positive  im- 
pulse results  th?  now  formulae  developed  in  this  report  can  be 
used  without  modification.  The  experimental  data  indicate  that 
to  prouiot  peak  proaaure  results  the  formulae  uhould  be  multi- 
plied by  the  factor  1.19. 

13.  The  table  below  nheva  the  formulae  to  use  that  best  agree 
with  exporisvmtrtl  work  and  sealing  law  results  for  predicting 


Case  Type 

•Light  Case 

•General  Purpose 

•Semi  Armor 
Piercing 

positive  Impuloe 

W.  It 

JV'_  !t 

W'  - , . 0.8 

* M £ 

W l * hH 
c 

\Y  ’ !+ 

Peak  rosoura 

VF  L/tg  J 

-!A] 

w L h"j 

• Refers  to  the  charge  to  total  weight  ratio  in  the  regions  of 
the  present  type  weapons  described  by  light  caac,  general  pur- 
pose and  aemi  anr.or  piercing. 
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TABLE 


Peak  Pressure  Data  From  Steel  Cased  TUT  Weapons 


Weapon 
Description 
TOTWTCTTS'LC  Bomb' 
A ,000  lb  LC  Bomb 
A ,000  l*-  LC  Bomb 
A, 000  16  LC  Bomb 
MK  6 Depth  Charge 
HK  6 Depth  Charge 
MK  6 Depth  Charge 


Peak 

Pressure 

(pal] 

5T95 

3.15 

6.23 

3.09 
16.39 

6.23 

3.10 


Distance 

(ft) 


Actual (directive 

Weight  Bare  Charge 
of  TNT  Weight  TNT 


2,000 

lb 

OP  Bomb 

2.9A 

204  .8 

i 

2,000 

lb 

GP  Bomb 

2.27 

242.8 

2,000 

lb 

OP  3oab 

3.97 

165.0 

t 

1,000 

lb 

0?  Comb 

2.99 

165.3 

\ 

500 

lb 

QP  Bomb 

3.05 

129.7 

l 

500 

lb 

0?  Bomb 

1.82 

167.3 

4 

500 

lb 

OP  Bomb 

12.94 

59.7 

t 

» . 

500 

lb 

GP  Bomb 

5.87 

§9.3 

500 

lb 

OP  Bomb 

3.01 

129.6 

f 

100 

lb 

OP  Bomb 

3.23 

76.3 

• 

100 

lb 

OP  Bomb 

2.02 

97.9 

i 

i 

2,000 

lb 

SAP  Bomb 

2.18 

166.2 

► 

1,000 

lb 

SAP  Bomb 

2,22 

136.5 

• 

500 

lb 

SAP  Bomb 

2.55 

108.  A 

257 
58.8 
A3. 7 

Mean 


Motet  All  weapons  fired  slightly  above  grout 4 to  avoid 
cratering. 

C A*  'barge  to  weight  ratio  of  cylindrical  section  of  weapon. 
V'  la  calculated  by  scaling  up  bare  charge  data. 

Peak  Pressure  values  are  averagea  of  a muaber  of  trials. 
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TAS1 2 12 


Positive  Impulse  Data 

pr^3*  SfcC'dl 

Cased  TNT  Weapons 

Weapon 

positive 
Input se 

Pfti  •P'ft 

Distance 

(ft) 

Hi 

Actual  Effective 
Weight  Pare  Charge 
of  Tf!T  Weight  TNT 
(Vi)  *•*' 

V' 

vr 

Tveicrlo>-ion 

10,000  lb  LC  3orb 
t.OOO  lb  U!  Bomb 
4-000  lb  LC  Domb 
4, COO  lb  LC  Dom'd 
4,000  lb  LC  B'wab 
MK  6 Depth  chnrga 
MK  6 Depth  Charge 

76.2 

55.1 
120.4 

62.2 
119.7 

48.9 

23.64 

364 

^oo 

151.3 

100 

149.8 

60.0 

129.6 

0.32 

0.32 

0.82 

0.82 

0.82 

0.77 

0.77 

7C50 

3362 

3362 

3362 

3362 

300 

300 

6400 

2760 

3576 

3180 

3835 

262 

213 

Kean 

c.92 

0.82 

1.18 

0.95 

1.14 

0.87 

0.71 

0.S4 

2 OCO  lb  OP  Both 
2.CC0  lb  QP  Banb 
2, JOO  lb  G?  Bomb 
1,000  lb  GP  somb 
5C0  lb  0?  Bomb 
500  lb  OP  Eon* 
5C0  lb  OP  ECUb 
• 100  lb  OP  Eoab 

32.66 

66.05 

59.62 

23.2 

25.02 
49.17 
20.50 
16.03 

204.8 

79.5 

120.0 

165.7 

129.7 
59.7 

129.7 

76.4 

0.64 

0.64 

0.64 

0.65 

0.65 

0.65 

0.65 

0,65 

1117 

1117 

1117 

558 

267 

267 

267 

55 

688 

SI 

394 

232 

264 

168 

52.5 

Mean 

0.62 

0.89 

0.76 

o.-n 

0.87 

0.99 

0.63 

0.96 

0,80 

2.000  lb  SAP  Bomb  20.12 

2.000  lb  SAP  Eoafc  11.93 

163.2 

297.2 

0.36 

0.36 

556 

556 

228.0 

270.0 

Mean 

0.41 

0.49 

0.45 

K0t<”  cA 

b snsw  r.  sss 
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fig.  i 

COMPARISON  OF  EQUATIONS  FOR  FINDING  THE  EFFECTIVE 
BARE.  CHARGE  WEIGHT  OF  A STEEL  CASEO  WEAPON 
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FIG.  2 

PEAK  PRESSURE  VS  REDUCED  RADiAL  DISTANCE 
FOR  CAST  TNT  IN  FAR  MACH  REGION 
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FIG.  3 

PEAK  PRESSURE  VS  REDUCED  RADIAL  DISTANCE 
FOR  CAST  TNT  IN  FAR  MACH  REGION 
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FIG.  4 

PEAK  PRESSURE  VS  REDUCED  RADIAL  DISTANCE 
FOR  CAST  TNT  IN  FAR  MACH  REGION 
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FIG.  5 

PEAK  PRESSURE  VS  REDUCED  RADIAL  OISTANCE 
FOR  CAST  TNT  IN  FAR  MACH  REGION 
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FIG.  7 

REDUCED  POSITIVE  IMPULSE  VS  REDUCED  RADIAL 
DISTANCE  FOR  CAST  TNT  !N  FAR  MACH  REGION 
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FIG.  8 

REDUCED  POSITIVE  (..(PULSE  VS  REDUCED  RADIAL  OSSTANCl 
FOR  CAST  TNT  IN  FAR  MACH  REGION 
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